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Structure and Magnetic Properties of
Sm(CQq,,1Fe:Tig.05)9.66 Alloys (¢ = 0-0.57)
and Sm(Cg.gsFe).19Ti0.05CU.1)9.66 Magnets

M. Q. Huang, R. T. Fingers, Z. Turqut, R. Swaminathan, F. Johnson, M. E. McHenry, B. M. Ma, and V. R. Ramanan

Abstract—Potential permanent magnetic materials with aun at 1473 K (random powder)
compositions of SM(C@.1Fe,Tio.os)e.66 (& = 0-0.57) have (Th;Hi,-type)
been synthesized and characterized in the temperature range of
10-1473 K and at fields up to 5 T. The experimental results show
that near single phase materials with ThNi,7 structure were
formed in SM(Co,.1Fe,Tio.05)9.66 alloys after splat quenching
from 1473 K. The Ti atoms play an important role in stabilizing the
Th3Niy7 structure for the 3d (transition metal) rich nonstoichio-
metric 2—17 compounds. Encouraging hard magnetic properties
with T, ~ 890-1066 K,M, ~ 10.8-13.7 kG, H, ~ 30-125 kOe
at 300 K were observed in Sm(Cg.1Fe,Tio.05)9.66 alloys. Both
SM(Coy.66F€0.19 Tio.05CUo.1)9.66 Sintered and melt-spun powder
magnets with 4r M, > 10 kG were fabricated. A strong domain
wall pinning behavior with H, ~ 1.6 kOe at RT and H, ~ 4.3
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kOe at 10 K was observed. The effect of different heat treatment (x=0.57)|
conditions on the phase formation of SM(Cg.i1Fe.Tio.05)9.66 L i
alloys was also discussed . " : ! :
. . . ) ann at_ 1473 K (aligned powder) (b) 1
Index Terms—3-D rich magnetic materials, Curie temperature, (Th,Ni, -type) g
Th2Niy7 structure, uniaxial anisotropy. Tg g =~ =0)
i a
I. INTRODUCTION £ = (=0.57)
= S
HE COERCIVITIES of Sm—-Co 2-17 type magnets at E -

high temperature have been significantly improved by
reducing the 3d/R ratio down to 7 [1], [2], at the expense, 2 0 v a0 45 0 =
however, of their high magnetic moments. In such a context, 2
further increase in saturation magnetization without redusig. 1. XRD of (a) random powder and (b) aligned powder of

tions in coercivities becomes the next challenging goal. OR8(Ca.iFe:Tio.os)s.66 alloys ¢ = 0-0.57) after splat cooling from
of our efforts is to search for new compounds with muc
higher transition metal conterBd/R > 8.5), high Curie amat B K N :
temperaturd’., and high anisotrop¥{,,. Our previous work on (Th Zn_-type) 2|8 x=0)
(Sm.Pr;_,)3 Feyr 5Tiy 5 alloys (@ = 0-1) with3d/R ~ 9.67 ’Tg S R
[3] has been expended to compositions on the Co-rich side. Z gwﬁ g 8
This paper reports potential permanent magnetic materials with & ""“"‘"{“;“‘:“‘f{
e . amiat 1545 o
compositions of Sm(GQ,Fe,Tip.05)o.66 (x = 0-0.57). The % (i Fe_-type) g (x=0.57)
gl = = 82
Lo icemind | . ¢ v tmariosnd
Manuscript received February 14, 2002; revised May 27, 2002. This work = b 3% W05 # 0 5
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Material Command. 2. XRD of Sm(C@.1Fe.Tig05)9.66 alloys ¢ = 0 and 0.57) after
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TABLE |
LATTICE PARAMETERS AND MAGNETIC PROPERTIES OFSM(CQ,.1F€; Tig 05)0.66 ALLOYS (x = 0-0.57) (ATER SPLAT COOLING FROM 1473 K,
FORMED Thy Niy» STRUCTURE)

X a (&) ¢ (A) cla Ms(300K)  Ms(10K) Ha(300K) Ha(10K) Te(K) (BH)max theo.
(kG) (kG) (kOe) (kOe) (MGOe)
0 8.399 8210 0.977 10.8 11.6 125 150 1066 29
0.19 3410 8.288 0.985 12.0 12.7 100 140 1053 36
038 8.437 8.331 0.987 136 14.0 70 95 995 46
0.57 8.479 8375 0.988 137 14.6 30 50 890 47

24 h. X-ray diffraction (XRD) with Cu radiation was used to 12 ————————+————7—————
determine the crystal structure and phases present. Magnet s

properties {4, 7., H,, and H.) were measured in the tem- 1+ W?M
perature range of 10 K-1473 K and at fields up to 5 T, by .- ¢ Z '

using a vibrating sample magnetometer (VSM) and a supercon-*g ) o ]
ducting quantum interference device (SQUID) magnetometer X p.6 [ e \ ]
Samples were in the forms of chunk, loose or aligned powdet s, | - © 0.57)
(<38 um). The anisotropy field,) was estimated by extrap- 5 04 - gm o e -
olation of the difference between the easy akisand hard y e P o .

axisM to zero. Honda extrapolations were utilized to determine 0.2} B T Ty car Tt ¥ S '

the saturation magnetizatidd,. An alloy with composition of . R
SM(Cay.¢6Fen.19Tin.05sClo.1)9.66 Was processed into magnets 200 400 600 800 1000 1200
by the conventional powder metallurgy and melt-spun powder T (K), H=500 O¢ (Chunk)

technique. TheBH loops of sintered magnets were measured

by a BH loop tracer. Fig.3. M versusT of Sm(Cq,aiFe. Tio 05)0 66 alloys (- = 0 and 0.57) after

splat cooling from 1473 K and Curie temperatures Tc versus Fe canteht
SM(Cq,.1Fe. Tig.o5)9.66 alloys (insert).

I1l. RESULTS AND DISCUSSIONS

A. Phases Formed and Structure 120

Information regarding the structure and phases present it 1pp 3 (=)
shown in Figs. 1, 2, and Table I. L

As shown in Fig. 1(a), the XRD patterns indicate that near 7z 80 - —e—%g 11;5
single phase materials with a disordered hexagonaNi E - --&--RTE
structure are observed in all Sm(Ggre, Tio.os)o.cs alloys & 60 - He=7.5 KOe (at 10 K0 --+--RT-H |
(x = 0-0.57) after splat cooling from 1473 K. Ti atoms and/or & He=1.2 kOe (at 300 K) U -

the heat treatment process play important roles in stabilizing .
the Th,Niy; structure for these 3d-rich nonstoichiometric a0 L
2-17 compounds. The lattice constants of Fe-free sample ar
estimated to be. = 8.399 A, ¢ = 8.210 A andc/a = 0.977. 0 Cballiiitie
The unit cell appears to be slightly larger than that of Ti free 00 10 20 30 40 50 60
stoichiometric SmCo;; (¢ = 8.373 A,¢ = 8.165 A) [4]. It
can be seen in Table | that the lattice constants andc/a
of SM(Caq,a1Fe; Tio.o5)90.66 alloys increase linearly with the Fe
contentz. It was also found that the structure and phases formed
in the SM(C@.1Fe.Tigos)o.66 alloys vary significantly with netic anisotropy behavior. As seenin Fig. 1(b), two strengthened
composition and heat treatment conditions. When annealats, (300) and (220), indicate that all of the alloy samptes:(
at lower temperatures (1323 K-1373 K), instead of forming-0.57) exhibit a strong uniaxial anisotropy after quenching
the ThNi,7-type phase, other magnetic phases were form&dm 1473 K. The intensity of anisotropy decreases slightly as
in Sm(Caq,.1Fe.Tip.05)0.66 alloys. Specifically, as shown in the Fe content increased. The uniaxial anisotropy behavior was
Fig. 2, for the alloys withz = 0-0.38, the other 2-17 phasealso observed in the alloy samples£ 0-0.38) with ThZn;~
with a rhombohedral T3Zn,;-type structure was formed. Forstructure after annealing at 1373 K. For the alloy sample=(
the alloy withz = 0.57, however, the main phase became @57) with Nd;Fexg type structure, a conical anisotropy was ob-
3-29 phase with a monoclinic NBex-type structure [3]. served. The previous anisotropy behaviors were similar to those
From the XRD patterns on magnetically aligned powders of the stoichiometric 2—-17 or 3—-29 type R—3d compounds [3],
Sm(Caq,.1Fe. Tig.o5)a.66 alloys, one can easily detect their magf5].

Fig. 4. M versusH (at 300 K and 10 K) of Sm(G0g5Tig 05)s.66 alloy.
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Fig. 5. M—H loops (at 300 and 10 K) of Sm(€aFe) 19CUy.1Tio.05)e.66
melt-spun powder magnet.
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Fig. 6. 4t M-H loop (at 300 K) of Sm(Co.iFe) 19CUy.1Tig.05)e.66
sintered magnet.

B. Magnetic Properties

IEEE TRANSACTIONS ON MAGNETICS, VOL. 38, NO. 5, SEPTEMBER 2002

via XRD and TMA. However, for the alloys with Ti addition,
after annealed at 1473 K, only one magnetic phase with the
ThyNiy7 structure could be detected by XRD and TMA, and no
3d phase(s), such as Co, Co-Ti, Co—Fe or Co—Fe-Ti, were de-
tected. Question arises concerning the Sm&e®. Tip.05)9.66
alloys as to where the extra 3d atoms (Co, Fe, and Ti) are located
in the ThNi;7 unit cell? One possibility would be that some of
the Sm atomic sites, 2b or 2d in thesNi; 7 unit cell, are partly
occupied by the extra 3d atoms. Further investigation via neu-
tron diffraction would be needed to explore this issue.

Both Sm(C@.1Fey.19Tig.05ClUo.1)9.66 Sintered and melt-spun
powder magnets withA\{ > 10 kG,H,. ~ 1.4-1.7 kOe at 300
K and 4.3 kOe at 10 K were fabricated. As seen in Figs. 5 and
6, strong domain wall pinning behavior was observed in the sin-
tered magnets. Th&. could be further enhanced by strength-
ening the pinning force.

IV. CONCLUSION

SM(Ca,a1Fe. Tig.05)e.66 (x = 0-0.57) alloys can be formed
as near single phase materials withWin 7 structure after splat
guenching from 1473 K. The Ti atoms play an important role in
stabilizing the ThNi;; structure. The Sm(G@i1Fe. Tio.05)9.66
alloys, with their attractive hard magnetic properties could be
a potential permanent magnetic materials for high temperature
applications.

As listed in Table I, and illustrated in Figs. 3—6, encouraging

hard magnetic properties with a strong anisotréfyy~ 30-125
kOe at 300 K and 50-150 kOe at 10 &, ~ 890-1066 K,

and magnetic moment/; ~ 10.8-13.7 kG at 300 K in the
Sm(Caq,a1Fe. Tig.05)0.66 alloys after annealing at 1473 K were
observed. The SM(G®@;Tip.05)9.66 POSSESSES @ much higher 2]

H, (125 kOe versus 65 kOe [5]) and comparabigwhen com-
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